(6,9,12,14,18). Soybean yield losses of 10-40% have been reported An isolate of SMV obtained from infected soybean seeds of a as a result of BPMV infection (11, 14) . Double infections of soybean plant introduction (PI 85-663) was used. The virus culture was with BPMV and soybean mosaic virus (SMV) occur in nature and maintained in soybean cultivar Dare. result in synergistic host response with severe yield losses (14).
Beetles. Bean leaf beetles were collected from a soybean field at The epidemiology of BPMV is little understood. The virus is the University of Kentucky farm in Fayette County near transmitted in nature by several chrysomelid beetles. The bean leaf Lexington, KY. Since previous virus surveys (6) failed to detect beetle, Ceratoma trifurcata Forst, is considered the most efficient BPMV in this area, beetles collected from this location were vector (8,12,13). BPMV is not seedborne in soybean. Infected considered virus-free and were used as controls in the serological perennial, leguminous weeds, including Desmodium paniculatum assays. The nonviruliferous nature of these beetles was later (L.) DC., and overwintering viruliferous adult beetles have been confirmed by transmission and serological tests. Beetles were suggested as possible sources of primary virus inoculum (4, 10, 21) . maintained on cultivar York soybean seedlings until used. The importance of these sources in virus spread under field Preparation of beetle extracts. Individual or groups of five conditions has not been evaluated (4) .
beetles were ground in a mortar and pestle in the presence of 0.02 M The recent adaptation of the enzyme-linked immunosorbent phosphate buffered saline (PBS) containing 2% polyvinylassay (ELISA) to plant virus detection (2) has given an impetus to pyrrolidone (PVP), 0.05% Tween-20, and 0.02% sodium azide epidemiological studies on virus diseases (1) . Because of its (PBS-PVP-T). Bulk beetle samples (25 beetles) were homogenized sensitivity, versatility, and efficiency in large scale testing, the in PBS-PVP-T with a Polytron homogenizer using a PT-20 ELISA method provides a valuable tool for such studies. ELISA generator (Brinkmann Instruments Inc., Westbury, NY 11590). was successfully applied for virus detection in aphid, leafhopper, The homogenates were clarified by passage through two layers of and plant hopper vectors (1,3,5,7).
cheesecloth. The average weight of a single bean leaf beetle was The present paper reports on the sensitivity and reliability of the determined to be 10 mg. The extraction buffer was used at the rate ELISA method in detecting BPMV in bean leaf beetles and of 0.4-0.5 ml per beetle. describes the application of this test in BPMV surveys and Procedure for ELISA. An antiserum to isolate G-7 of BPMV, forecasting disease incidence, produced in a previous study (6), was used for the ELISA tests. Partially purified -,-globulin was obtained from this antiserum by MATERIALS AND METHODS precipitation with half-saturated ammonium sulfate followed by passage through a DEAE cellulose column (2). The -y-globulin Viruses. A subculture of the G-7 Kentucky isolate of BPMV (6) preparation (1 mg/ml) was stored at -80 C in PBS containing was used for virus purification and in transmission experiments.
0.02% sodium azide. The ELISA test was performed in polystyrene The virus was maintained and increased in soybean cultivar York.
Microelisa plates (Dynatech Corp., Alexandria, VA 22314). The The purification procedure described by Semancik and Bancroft plates were coated with -y-globulin in carbonate buffer, pH 9.6 (2), (17) was followed except that final purification was made by at 1.0 Mg/ ml, 200 /l per well. Following a 2-4 hr incubation at 30 C, centrifugation on sucrose-density gradients (100-400 mg/ ml in 0.1 the test samples were added at a rate of 200 Ml per well and the plates M phosphate buffer, pH 7.0), and the pooled middle and bottom were incubated overnight at 4 C. Alkaline phosphatase-labeled -y-globulin, prepared as described by Clark and Adams (2), was
The publication costs of this article were defrayed in part by page charge payment. This used at a dilution of 1:1,000; this corresponds to 1.0 /-tg/ml, article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. § assuming no change in -/-globulin concentration during the 1734 solely to indicate this fact.
conjugation process. The conjugate was added to the wells, 200 Al ©1983 The American Phytopathological Society per well, and the plates were incubated for 4 hr at 30 C. The wells were rinsed between each step with PBS containing 0.05% Tween
Higher ELISA values were obtained with bulk beetle samples (25 and 0.02% sodium azide. The enzyme substrate, p-nitrophenyl beetles each) from a soybean field with apparently 100% BPMVphosphate (1.0 mg/ml in 10% diethanolamine buffer, pH 9.8), was infected plants than with those from fields with lower incidence of added at the rate of 200 /A per well and the enzyme-substrate BPMV. Although ELISA tests for SMV with leaf samples from reaction was measured photometrically at 405 nm by using a two counties indicated the incidence of SMV and/or double Titertek Multiskan photometer (Flow Laboratories, McLean, infections with SMV and BPMV in some of the surveyed soybean VA 22102). The instrument was routinely blanked against fields, extracts from all corresponding beetle samples were negative extraction buffer and the plates were read at 15-min intervals for SMV. during a period of 1 hr.
The beetle extracts could be stored for several months without The ELISA method was also used for detection of SMV and deleterious effects on detection of BPMV by ELISA. Furthermore, tobacco ringspot virus (TRSV) in beetle and leaf extracts. Coating the ELISA absorbance values were virtually unchanged when and enzyme-labeled y-globulin from an antiserum to SMV were subsamples of the extracts were tested after 6 mo of storage at 4 C. used in the ELISA test at the rate 2.5 mg/ml; those from an antiserum to TRSV were used at a concentration of 1.0 vg/ml. Other details of the ELISA procedures for detection of SMV or TRSV were the same as described for BPMV.
Detection of BPMV by ELISA. Purified BPMV serially diluted 1.8 0 with PBS-PVP-T or with extracts from virus-free bean leaf beetles could be detected by ELISA at concentrations as low as 2 ng/ml 1.6 ( (n mo 0.8 purified BPMV were mixed with extracts from virus-containing < beetles, and the viral antigen concentration in both the beetle extracts and the mixtures were determined by quantitative ELISA.
0
The results showed excellent agreement between expected and test 0 values for antigen concentration in the mixtures (Table 1) . Assay of bean leaf beetles for BPMV. Bean leaf beetles were 04 collected by cooperators from soybean fields in two counties (Fulton and Meade) in Kentucky. Nine samples (five beetles each) from each location were tested for BPMV by ELISA. All beetle 0.2 samples from Fulton County were positive for BPMV whereas .t.,.
those from Meade County were negative. Subsequent ELISA tests o with soybean leaves collected from the same fields sampled for 1.0 o0 100 oOOO beetles confirmed the incidence of BPMV in the first location and the absence of it in the second. In further tests, we collected bean VIRUS CONCENTRATION ng/ml leaf beetles from several soybean fields in three counties in Fig. 1 . Relationship between enzyme-linked immunosorbent assay Kentucky. Soybean leaf samples were also collected from the same absorbance values at 405 nm and virus concentration in a purified bean pod rows of plants sampled for beetles. In all tests, the ELISA with mottle virus preparation serially diluted with buffered saline (PBS-PVP-T). beetle extracts was highly reliable in predicting the incidence of Absorbance measurements were made at 15-min intervals following BPMV in soybean fields from which the beetles were collected. substrate addition. 17.8 17.5 aELISA readings of 0.009-0.020 were obtained for extracts from virus-free beetles tested in the same plate. bDetermined by interpolation in a standard curve made with purified BPMV in the range of 1.5-400 ng/ml. cOriginal extract (1:50, w/v) was prepared by homogenizing virus-containing beetles in PBS-PVP-T (0.5 ml per beetle) and three samples were withdrawn and individually diluted 100-fold with PBS-PVP-T prior to test. dSamples from the same extract described in footnote "c" were diluted 1:5,000 (w/v) and mixed with purified BPMV (50 ng/ml) at a ratio of 9:1 (v/v).
eValues are means for quadruplet wells ± standard deviation; readings made 45 min after addition of substrate.
Vol
divided into two groups. Samples of 25 beetles each from one group The BPMV antigen concentration in field collected viruswere homogenized in PBS-PVP-T (0.4 ml per beetle) and the containing bean leaf beetles was determined by quantitative ELISA extracts were stored at 4 C until used. Beetles in the second group and was in the range of 500-1,500 ng per beetle. These results were were allowed to feed on three healthy soybean seedlings for 6 days based on tests with three samples of 25 beetles each collected from a (five beetles per plant) prior to homogenization. Extracts from the soybean field with 100% BPMV infection. Lower ELISA values group allowed a 6-day inoculation feeding had a much reduced (corresponding to 50-300 ng BPMV per beetle) were obtained BPMV titer compared to extracts from the group that was when individual virus-free bean leaf beetles were allowed to feed on processed immediately after virus acquisition ( Table 2 ). All three test plants on which the viruliferous beetles had fed became infected with BPMV as evidenced by symptom development and ELISA from bean leaf beetles that fed on soybean plants singly infected apparently 100% BPMV infection, were homogenized in PBS-PVP-T (0. 4 with TRSV or plants doubly infected with TRSV and BPMV. The ml per beetle) and several dilutions of the extracts were tested by ELISA.
ELISA test was highly sensitive since TRSV was readily detected in bValues are means for triplicate wells; readings were made 60 min after beetles homogenized in PBS-PVP-T and diluted 1:10,000 (w/v). addition of substrate. CThree samples of five beetles each, obtained from the same source described in footnote "a," were allowed to feed on three healthy cultivar Essex soybean plants for 6 days, then homogenized and diluted with DISCUSSION PBS-P VP-T. dVirus-freet BPMV can be readily detected in beetle extracts at dilutions as ebeetles homogenized and diluted with PBS-PVP-T.
high as 1:10,000-1:40,000 (w/v). Since the average weight of a single bean leaf beetle is 10 mg and the extraction buffer is used at a ratio of 0.4 ml per beetle, these dilutions (1:10,000 and 1:40,000) The presence of inhibitors in bean leaf beetle hemolymph was bVirus-free bean leaf beetles were allowed to feed on either SMV-or reported to interfere with virus assay by infectivity tests (15). The BPMV-infected cultivar Essex soybean plants for 72 hr; five beetles were components of beetle extracts, however, did not interfere with the used per plant. Extracts from beetles and source plants were both prepared specific reaction in the ELISA test for BPMV. Beetle extracts could in PBS-PVP-T at a ratio of 1:50 (w/v).
be stored for several months at 4 C without affecting the ELISA WValues are averages for duplicate wells.
readings. This may be important in handling or transporting a large dVirus-free beetles were allowed to feed on noninoculated cultivar Essex number of samples. Furthermore, ELISA values for extracts from soybean plants for periods comparable to the virus treatment. eVirus-free bean leaf beetles were allowed an acquisition feeding period of bulk beetle samples may serve as an indicator to the extent of 90 hr on soybean cultivar Essex plants doubly infected with SMV and BPMV incidence in a given location. BPMV, then transferred to healthy soybean seedling (test plants) and BPMV has been reported to survive in overwintering adult bean allowed to feed for 72 hr. All extracts were prepared in PBS-PVP-T at a leaf beetles (22). Alternatively, such beetles may acquire the virus ratio of 1:100 (w/v). from perennial leguminous weeds, which serve as a reservoir for BPMV (10). These overwintering beetles become active well before in: Vectors of Plant Pathogens. K. F. Harris and K. Maramorosch, eds. soybeans germinate, and can be found on other leguminous crops Academic Press, New York. (20) and possibly on leguminous weeds (10). Since BPMV has a 5. Gera, A., Loebenstein, G., and Raccah, B. 
